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(57) ABSTRACT 
In a display apparatus and a method of driving the display 
apparatus, data Voltages, which correspond to image data, are 
Supplied to data lines to drive a plurality of pixels arranged in 
pixel areas defined by a plurality of gate lines and data lines, 
and gate signals are sequentially Supplied to gate lines. The 
gate signals are maintained at a level of gate on Voltage Such 
that the data Voltages of the data lines are Supplied to corre 
sponding pixels during a scan period, and alternately have a 
first Voltage level and a second Voltage level in Synchroniza 
tion with a common Voltage during a non-scan period. 

22 Claims, 10 Drawing Sheets 
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Fig. 7 
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Fig. 9 

141 
- - - - - - - - - - - - - - - - - - - - - - - 

VCC C DVOFF1 
R5 

CLK C 
D1 as a 

!---143b 

143a R2 

Q T1 

STV >T R1 
Q 

VCC 

VCC 

T 

- N--143C 
R2 

VOFF LD T2 C 
RA D1 

VOFF HD C D WOFF2 
D2 R5 



U.S. Patent Oct. 2, 2012 Sheet 10 of 10 US 8,279.210 B2 

Fig. 10 

STV 

VH 
VOFF1 VL 

VH 
VOFF2 VL 



US 8,279,210 B2 
1. 

DISPLAY APPARATUS AND METHOD OF 
DRIVING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims priority from and the benefit of 
Korean Patent Application No. 2008-86968, filed on Sep. 3, 
2008, which is hereby incorporated by reference for all pur 
poses as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a display apparatus and a 

method of driving the display apparatus. 
2. Discussion of the Background 
In general, electronic appliances, such as a mobile com 

munication terminal, a digital camera, a notebook computer, 
a monitor, and a television, include an image display appara 
tus to display images. Various types of image display appa 
ratuses are extensively used. Among the image display appa 
ratuses, a flat panel display is mainly used for electronic 
appliances. A representative flat panel display is a liquid 
crystal display (LCD). 
The LCD displays an image by using liquid crystal. The 

LCD has a slim structure and light weight. In addition, the 
LCD has low power consumption and operates at low driving 
voltage, so that the LCD may be extensively used in various 
industrial fields. 

SUMMARY OF THE INVENTION 

The present invention provides a display apparatus that 
may improve the reliability of a thin film transistor. 
The present invention also provides a method of driving the 

display apparatus. 
Additional features of the invention will be set forth in the 

description which follows, and in part will be apparent from 
the description, or may be learned by practice of the inven 
tion. 

The present invention discloses a display apparatus that 
includes a display unit, a source driver, and a gate driver. The 
display unit includes a plurality of pixels arranged in pixel 
areas defined by a plurality of gate lines and data lines to 
display images. The source driver Supplies data Voltages to 
the data lines, the data Voltages corresponding to image data. 
The gate driver sequentially supplies gate signals to the gate 
lines. The gate signals are maintained at a level of gate on 
Voltage Such that the data Voltages of the data lines are Sup 
plied to corresponding pixels during a scan period, and alter 
nately have a first voltage level and a second Voltage level 
during a non-scan period. 
The present invention also discloses a method of driving a 

display apparatus. According to the method, data Voltages are 
Supplied to a plurality of data lines. Gate signals are sequen 
tially Supplied to a plurality of gate lines. Images correspond 
ing to the data Voltages are displayed in response to the gate 
signals. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of the invention and are incor 
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2 
porated in and constitute a part of this specification, illustrate 
embodiments of the invention, and together with the descrip 
tion serve to explain the principles of the invention. 

FIG. 1 is a block diagram showing an LCD according to an 
exemplary embodiment of the present invention. 

FIG. 2 is a view showing phases of an LCD operated in a 
line reverse drive scheme, and a common Voltage. 

FIG. 3 is a view showing gate signals output from a gate 
driver. 

FIG. 4 is a circuit diagram showing an odd-numbered stage 
from among stages shown in FIG. 3. 

FIG. 5 is a waveform diagram showing input/output wave 
forms of the stage shown in FIG. 4. 

FIG. 6 is a circuit diagram showing an even-numbered 
stage from among stages shown in FIG. 3. 

FIG. 7 is a waveform diagram showing input/output wave 
forms of the stage shown in FIG. 6. 

FIG. 8 is a waveform diagram showing waveforms of first 
and second gate signals in consecutive frames. 

FIG. 9 is a circuit diagram showing a circuit that generates 
second and third gate off Voltages in a gate off Voltage gen 
erator shown in FIG. 1. 

FIG. 10 is a waveform diagram showing waveforms of 
second and third gate off voltages shown in FIG. 9. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

The invention is described more fully hereinafter with ref 
erence to the accompanying drawings, in which embodiments 
of the invention are shown. This invention may, however, be 
embodied in many different forms and should not be con 
strued as limited to the embodiments set forth herein. Rather, 
these embodiments are provided so that this disclosure is 
thorough, and will fully convey the scope of the invention to 
those skilled in the art. In the drawings, the size and relative 
sizes of layers and regions may be exaggerated for clarity. 
Like reference numerals in the drawings denote like ele 
mentS. 

It will be understood that when an element or layer is 
referred to as being “on” or “connected to another elementor 
layer, it can be directly on or directly connected to the other 
element or layer, or intervening elements or layers may be 
present. In contrast, when an element is referred to as being 
“directly on' or “directly connected to another element or 
layer, there are no intervening elements or layers present. 

Hereinafter, exemplary embodiments of the present inven 
tion will be explained in detail with reference to the accom 
panying drawings. 
A liquid crystal display (LCD) according to exemplary 

embodiments of the present invention is driven in a line 
reverse drive scheme and provides gate off Voltages to gate 
lines in Synchronization with a common Voltage. As a result, 
stress applied to a thin film transistor of the LCD may be 
reduced. 

FIG. 1 is a block diagram showing an LCD according to an 
exemplary embodiment of the present invention. 

Referring to FIG. 1, the LCD 100 includes a display unit 
110, a timing controller 120, a source driver 130, a gate off 
voltage generator 140, and a gate driver 150. 
The display unit 110 includes an LCD panel (not shown) 

having a liquid crystal layer disposed between two Substrates 
to display images. A plurality of data lines D1 to Dn and gate 
lines G1 to Gmare provided on one of the two substrates. The 
data lines D1 to Dncross the gate lines G1 to Gm, and the data 
lines and gate lines are insulated from each other. Pixels are 
provided in pixel areas defined by the data lines D1 to Dn and 
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gate lines G1 to Gm. As shown in FIG. 1, each pixel includes 
a thin film transistor TFT, a liquid crystal capacitor CLC, and 
a storage capacitor CST. 
The thin film transistor TFT includes a gate electrode con 

nected to a corresponding gate line and a source electrode 
connected to a corresponding data line. The thin film transis 
tor TFT receives a data voltage from the source driver 130 in 
response to the gate signal transferred from the gate line. The 
liquid crystal capacitor CLC is connected between a pixel 
electrode, which is connected to a drain electrodendata of the 
thin film transistor TFT, and a common electrode, which 
receives a common Voltage Vcom and faces the pixel elec 
trode. Liquid crystal is provided in the liquid crystal capacitor 
CLC. Thus, light transmittance of the liquid crystal is con 
trolled according to the data Voltage, so that an image having 
a desired gray scale can be displayed. 
The storage capacitor CST is connected to the drain elec 

trode ndata of the thin film transistor TFT and a storage 
electrode. The storage electrode is configured to provide the 
same Voltage to each pixel through a storage line (not shown). 
The timing controller 120 receives digital image data Sig 

nals R, G, and B and control signals CS from the exterior. 
Upon receiving the control signals CS, the timing controller 
120 outputs control signals, such as horizontal synchroniza 
tion signals HSync, horizontal clock signals HCLK, Vertical 
start signals STV and STVB, clock signals CLK, and clock 
bar signals CLKB, which are required to drive the source 
driver 130 and the gate driver 150. 
The source driver 130 receives the image data signals R, G, 

and B from the timing controller 120 in synchronization with 
the horizontal synchronization signal Hsync and the horizon 
tal clock signal HCLK. The source driver 130 receives image 
data signals R, G, and B corresponding to one gate line from 
the timing controller 120 and generates in data Voltages to 
provide the n data voltages to n data lines D1 to Dn. 
The timing controller 120 generates a reverse signal RSV 

to provide the reverse signal RSV to the source driver 130. 
Polarity of the data voltages is determined according to the 
reverse signal RSV. For instance, the polarity of the data 
Voltages is reversed in a unit of one horizontal line according 
to the reverse signal RSV. Since the polarity of the common 
Voltage Vcom is changed according to the polarity of the data 
Voltages, the polarity of the common Voltage Vcom is 
reversed in a unit of one horizontal line. 

FIG. 2 is a view showing phases of the LCD operated in a 
line reverse drive scheme, and a common Voltage. 

Referring to FIG. 2, when the LCD is operated in the line 
reverse drive scheme, the polarity of the common Voltage 
Vcom is reversed whenever one gate line is scanned. For 
instance, in the case of an N' frame, negative polarity data are 
Supplied to pixels connected to odd-numbered gate lines G1 
and G3, and positive polarity data are Supplied to pixels 
connected to even-numbered gate lines G2 and G4. When 
positive polarity data are Supplied to the pixels, the common 
Voltage Vcom has negative polarity. In addition, when nega 
tive polarity data are Supplied to the pixels, the common 
Voltage Vcom has positive polarity. 

In the case of an (N+1)" frame, the polarity of the odd 
numbered gate lines G1 and G3 and the even-numbered gate 
lines G2 and G4 is reversed from that of the N' frame. At this 
time, the polarity of the common Voltage Vcom is also 
reversed. 

Referring again to FIG. 1, the gate off Voltage generator 
140 generates first to third gate off voltages VOFF, VOFF1, 
andVOFF2. The first to third gate off voltages VOFF, VOFF1, 
and VOFF2 are used to maintain the pixel data and are pro 
vided to the gate driver 150. 
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4 
The first gate off voltage VOFF has a voltage level lower 

than that of the second and third gate off voltages VOFF1 and 
VOFF2. The second and third gate off voltages VOFF1 and 
VOFF2 are swung between first and second levels VHand VL 
during a period, which is two times longer than a frame 
period. The second and third gate off voltages VOFF1 and 
VOFF2 have phases that are reversed to each other. 

Meanwhile, the gate driver 150 includes a shift register that 
operates in response to the vertical start signal STV. The shift 
register includes a plurality of stages GD1 to GDm. The 
stages GD1 to GDm sequentially output gate signals having 
an on voltage (VON) level in response to the first and second 
clock signals CLK and CLKB. 

FIG. 3 is a view showing gate signals output from the gate 
driver 150. 
As shown in FIG. 3, the gate signals GS1 to GSm, which 

are sequentially output from the stages GD1 to GDm, have the 
gate on voltage (VON) level during the horizontal scan period 
(t) of one frame (1 Frame), and have an off voltage level during 
the remaining period (hereinafter, referred to as a non-scan 
period). 
The gate driver 150 receives the first to third gate off 

voltages VOFF, VOFF1, and VOFF2 to allow the gate signals 
GS1 to GSm to have the off voltage level in the non-scan 
period. The first gate off voltage VOFF is used to stabilize a 
node of each stage, and the second and third gate off voltages 
VOFF1 and VOFF2 are used to vary the off voltage level of 
the gate signals GS1 to GSm output from the stages GD1 to 
GDm. 

For instance, the stages GD1 to GDm are configured to 
alternately output the second and third gate off voltages 
VOFF1 and VOFF2 in synchronization with the first and 
second clock signals CLK and CLKB. Since the common 
Voltage Vcom is swung in Synchronization with the first and 
second clock signals CLK and CLKB, the gate signals GS1 to 
GSm supplied to the gate lines G1 to Gm each have phases 
identical to the phase of the common Voltage Vcom and can 
be swung to the second and third gate off voltages VOFF1 and 
VOFF2. The swing operation of the gate signals GS1 to GSm 
to the second and third gate off voltages VOFF1 and VOFF2 
in the non-scan period will be described below in detail with 
reference to FIG. 4, FIG. 5, FIG. 6, FIG. 7, and FIG.8. 

According to an exemplary embodiment of the present 
invention, the gate driver 150 can be formed on a glass sub 
strate that includes the display unit 110 using a thin film 
process. 

Gate signals, which are swung between the second and 
third gate off voltages VOFF1 and VOFF2 with phases iden 
tical to the phase of the common Voltage Vcom, are applied to 
the gate lines during the non-scan period. Therefore, the least 
Voltage necessary to Sustain the data can be maintained 
between the drain electrodendata of the thin film transistor 
and the gate line. Thus, embodiments of the present invention 
may reduce the stress of the thin film transistor during the 
non-scan period. 

FIG. 4 is a circuit diagram showing an odd-numbered stage 
from among stages shown in FIG.3, and FIG.5 is a waveform 
diagram showing input/output waveforms of the stage shown 
in FIG. 4. Since the odd-numbered stages all have the same 
circuit configuration, a first stage GD1 will be explained as an 
example with reference to FIG. 4, and a description of the 
other odd-numbered stages will be omitted in order to avoid 
redundancy. 

Referring to FIG. 4, the first stage GD1 includes first to 
seventh MOS transistors M1, M2, M3, M4, M5, M6, and M7 
and first to third capacitors Cb, Cc, and Cline. 
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The first MOS transistor M1 includes a source that receives 
the first clock signal CLK and a drain that outputs a gate 
signal GSk to gate line Gk. The second MOS transistor M2 
includes a source that receives the gate signal GSk-1 or the 
vertical start signal STV, a drain connected to the first node 
N1, and a gate connected to the source. The third MOS 
transistor M3 includes a drain connected to the first node N1, 
a source connected to first gate off Voltage VOFF, and a gate 
that receives the gate signal GSk+1. The fourth MOS transis 
tor M4 includes a drain that outputs the gate signal GSk to the 
gate line Gk, a source to which the third gate off Voltage 
VOFF2 is provided, and a gate that receives the second clock 
signal CLKB. The fifth MOS transistor M5 includes a drain 
that outputs the gate signal GSk to the gate line Gk, a source 
to which the second gate off voltage VOFF1 is provided, and 
a gate connected to the second node N2. The sixth MOS 
transistor M6 includes a drain connected to the second node 
N2, a source to which the first gate off voltage VOFF is 
provided, and a gate connected to the first node N1. The 
seventh MOS transistor M7 includes a drain connected to the 
first node N1, a source to which the first gate off voltage 
VOFF is provided, and a gate connected to the second node 
N2. 
The first capacitor Cb is connected between the first node 

N1 and the gate line Gk that outputs the gate signal GSk. The 
second capacitor CC is connected between the Source of the 
first MOS transistor M1 and the second node N2. The third 
capacitor Cline is connected between the gate line Gk and the 
common Voltage Vcom. 

Referring to FIG. 4 and FIG. 5, the first gate off voltage 
VOFF is used to stabilize the first and second nodes N1 and 
N2. The first gate off voltage VOFF is maintained at a first 
voltage level VL. 

The second and third gate off voltages VOFF1 and VOFF2 
are used to change the off Voltage level of the gate signal that 
is output to the gate line Gk in response to the first and second 
clock signals CLK and CLKB. In detail, the first stage GD1 
outputs the second gate off voltage VOFF1 to the gate line Gk 
in response to the first clock signal CLK, and outputs the third 
gate off voltage VOFF2 to the gate line Gk in response to the 
second clock signal CLKB. The second gate off voltage 
VOFF1 is swung to the first voltage level VL or the second 
voltage level VH in synchronization with the common volt 
age Vcom, and the third gate off voltage VOFF2 is swung 
reversely to the second gate off voltage VOFF1. That is, when 
the second gate off voltage VOFF1 is swung to the first 
voltage level VL, the third gate off voltage VOFF2 is swung to 
the second voltage level VH. In an exemplary embodiment of 
the present invention, the second voltage level VH is higher 
than the first voltage level VL, and the voltage level of the 
second and third gate off voltages VOFF1 and VOFF2 is 
changed in a unit of one frame. 

Hereinafter, the operation of the first stage GD1 will be 
explained with reference to Table 1. 

TABLE 1. 

N1 CLK CLKB GS1 

L H L VOFF1 
L H VOFF2 

H H na VON 
L VOFF 

Hereinafter, the operation of the first stage GD1 will be 
explained with reference to Table 1. 
When the second MOS transistor M2 is turned on by the 

vertical start signal STV, the first node N1 becomes the high 
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6 
level, and the second node N2 becomes the low level. At this 
time, if the first clock signal CLK has the high level, the first 
MOS transistor M1 is turned on by the first clock signal CLK 
having the high level. As a result, the first stage GD1 outputs 
the first clock signal CLK having the high level as the first 
gate signal GS1. Thus, the first clock signal CLK having the 
high level is used as the gate on voltage VON of the first gate 
signal GS1. 

If the first node N1 has a high level and the first clock signal 
CLK has a low level, the first and sixth MOS transistors M1 
and M6 are turned on due to the first node N1 having the high 
level. At this time, the first stage GD1 outputs the first gate 
voltage VOFF as the first gate signal GS1 due to the coupling 
effect of the second capacitor Co. Thus, the first gate signal 
GS1 has the first voltage level VL. 

Meanwhile, if the first node N1 has a low level, the first 
clock signal CLK has a high level, and the second clock signal 
CLKB has a low level, the second node N2 is converted into 
the high level due to the coupling effect of the second capaci 
tor Co. Thus, the fifth MOS transistor M5 is turned on. As a 
result, the first stage GD1 outputs the second gate off Voltage 
VOFF1 as the first gate signal GS1. At this time, the first gate 
signal GS1 has the first voltage level VL. 

In addition, if the first node N1 has a low level, the first 
clock signal CLK has a low level, and the second clock signal 
CLKB has a high level, the fourth MOS transistor M4 is 
turned on due to the second clock signal CLKB having the 
high level. As a result, the first stage GD1 outputs the third 
gate off voltage VOFF2 as the first gate signal GS1. At this 
time, the first gate signal GS1 has the second Voltage level 
VH. 

FIG. 6 is a circuit diagram showing an even-numbered 
stage from among stages shown in FIG. 3, and FIG. 7 is a 
waveform diagram showing input/output waveforms of the 
stage shown in FIG. 6. Since the even stages all have the same 
circuit configuration, a second stage GD2 will be explained as 
an example with reference to FIG. 6, and a description of the 
other even stages will be omitted in order to avoid redun 
dancy. 

Referring to FIG. 6, the second input stage GD2 is similar 
to the first stage GD1 shown in FIG. 4 except for input 
positions of the first and second clock signals CLK and CLKB 
and the second and third gate off voltages VOFF1 and 
VOFF2. 

Hereinafter, the operation of the second stage GD2 will be 
explained with reference to Table 2. 

TABLE 2 

N1 CLK CLKB GS2 

L H L VOFF1 
L H VOFF2 

H na L VOFF 
H VON 

When the second MOS transistor M2 is turned on by the 
first gate signal GS1, the first node N1" becomes the high 
level, and the second node N2' becomes the low level. At this 
time, if the second clock signal CLKB has the high level, the 
first MOS transistor M1' is turned on by the second clock 
signal CLKB having the high level. As a result, the second 
stage GD2 outputs the second clock signal CLKB having the 
high level as the second gate signal GS2. Thus, the second 
clock signal CLKB having the high level is used as the gate on 
voltage VON of the second gate signal GS2. 

If the first node N1" has a high level and the second clock 
signal CLKB has a low level, the first and sixth MOS transis 
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tors M1" and M6" are turned on due to the first node N1 having 
the high level. At this time, the second stage GD2 outputs the 
first gate voltage VOFF as the second gate signal GS2 due to 
the coupling effect of the second capacitor CC'. Thus, the 
second gate signal GS2 has the first voltage level VL. 

Meanwhile, if the first node N1 has a low level, the second 
clock signal CLKB has a high level, and the first clock signal 
CLK has a low level, the second node N2 is converted into the 
high level due to the coupling effect of the second capacitor 
Cc'. Thus, the fifth MOS transistor M5 is turned on. As a 
result, the second stage GD2 outputs the third gate off voltage 
VOFF2 as the second gate signal GS2. At this time, the second 
gate signal GS2 has the first voltage level VL. 

In addition, if the first node N1" has a low level, the second 
clock signal CLKB has a low level, and the first clock signal 
CLK has a high level, the fourth MOS transistor M4 is turned 
on due to the first clock signal CLK having the high level. As 
a result, the second stage GD2 outputs the second gate off 
voltage VOFF1 as the second gate signal GS2. At this time, 
the second gate signal GS2 has the second voltage level VH. 

FIG. 8 is a waveform diagram showing waveforms of first 
and second gate signals in consecutive frames. 

Referring to FIG. 8, data Vdata having negative polarity 
with respect to the common Voltage Vcom are applied to the 
pixels connected to the first gate line G1 (see FIG.2) in the N" 
frame. In addition, data Vdata having positive polarity with 
respect to the common Voltage Vcom are applied to the pixels 
connected to the second gate line G2 (see FIG. 2) in the N' 
frame. In the (N+1)" frame, data Vdata having positive polar 
ity with respect to the common Voltage Vcom are applied to 
the pixels connected to the first gate line G1, and data Vdata 
having negative polarity with respect to the common voltage 
Vcom are applied to the pixels connected to the second gate 
line G2. 
The second and third gate off voltages VOFF1 and VOFF2 

are alternately output as the first and second gate signals GS1 
and GS2 in Synchronization with the common Voltage during 
the non-scan period, except for the horizontal scan period (t) 
having the level of gate on voltage VON in one frame. 

According to the LCD 100 of the present exemplary 
embodiment, a period having no first and second clock sig 
nals CLK and CLKB may exist in each frame. 
As shown in FIG. 8, the first and second gate signals GS1 

and GS2 are maintained at the first voltage levelVL in a blank 
period of each frame. The first and second gate signals GS1 
and GS2 may have the first voltage level VL or the second 
voltage level VH by the first and second clock signals CLK 
and CLKB, respectively. 

During the blank period, the first and second gate signals 
GS1 and GS2 are maintained at the voltage level of the second 
gate off voltage VOFF1 or the third gate off voltage VOFF2, 
which is lately output, in the period having no first and second 
clock signals CLK and CLKB. 

However, if the second clock signal is finished in the high 
level, the first clock signal CLK is output one more time. 
Thus, the first and second gate signals GS1 and GS2 can be 
maintained at the first voltage level in the period having no 
first and second clock signals CLK and CLKB. 

FIG. 9 is a circuit diagram showing a circuit that generates 
second and third gate off voltages in the gate off voltage 
generator 140 shown in FIG. 1, and FIG. 10 is a waveform 
diagram showing waveforms of second and third gate off 
voltages shown in FIG. 9. 

Referring to FIG. 9, the gate off voltage generator 140 
includes a first generator 141 that generates high off Voltage 
Voff H and low off voltage Voff L, and a second generator 
that receives the high off voltage Voff H and low off voltage 
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8 
Voff L from the first generator 141 to generate the second and 
third gate off voltages VOFF1 and VOFF2. 
The first generator 141 receives 3.3V driving voltage VCC 

and the clock signal CLK to generate the high off Voltage 
VOFF Hand low off voltage VOFF L having different volt 
age levels. The low off voltage VOFF L has the first voltage 
level VOFF1 shown in FIG. 8, and the high off voltage 
VOFF H has the second voltage level VOFF2 shown in FIG. 
8. 
The second generator 143 includes a flip-flop 143a, a sec 

ond gate off Voltage generator 143b, and a third gate off 
Voltage generator 143c. 
The flip-flop 143a receives the vertical start signal STV 

and changes the status of the signal output through first and 
second terminals Q and Q when the vertical start signal STV 
is converted into the low level. 
As shown in FIG. 10, when the vertical start signal STV is 

converted into the low level, a high signal is output through 
the first terminal Q and a low signal is output through the 
second terminal Q. 
The second gate off voltage generator 143b is connected to 

the first terminal Q of the flip-flop 143a and the third gate off 
Voltage generator 143c is connected to the second terminal Q 
of the flip-flop 143a. The second and third gate off voltage 
generators 143b and 143c have the same structure and func 
tions. 

Thus, the following description will be focused on the 
structure and functions of the second gate off voltage genera 
tor 143b, and details of the third gate off voltage generator 
143C will be omitted. 
The second gate off voltage generator 143b includes first 

and second transistors T1 and T2, first to fifth resistors R1, 
R2, R3, R4, and R5, and first and second diodes D1 and D2. 
The first transistor T1 is turned on in response to the high 

signal output through the first terminal Q to output driving 
voltage VCC, and the second transistor T2 is turned on in 
response to the driving voltage VCC to generate the low off 
voltage VOFF L. At this time, the first diode D1 is enabled, so 
that the low off voltage VOFF L is output through the output 
terminal of the second gate off voltage generator 143b. 

After that, the first and second transistors T1 and T2 are 
turned offin response to the low signal output through the first 
terminal Q. At this time, the second diode D2 is enabled, so 
that the high off voltage VOFF His output through the output 
terminal of the second gate off voltage generator 143b. Thus, 
the second gate off Voltage generator 143b can generate the 
second gate off voltage VOFF1, which is swung between the 
high off voltage VOFF Hand the low off voltage VOFF L in 
the period of two frames, based on the vertical start signal 
STV. 

Meanwhile, the third gate off voltage generator 143c can 
generate the third gate off voltage VOFF2, which is swung 
between the high off voltage VOFF Hand the low off voltage 
VOFF L in the period of two frames and has a phase reverse 
to the phase of the second gate off voltage VOFF1, through 
the above procedure. 

It will be apparent to those skilled in the art that various 
modifications and variation can be made in the present inven 
tion without departing from the spirit or scope of the inven 
tion. Thus, it is intended that the present invention cover the 
modifications and variations of this invention provided they 
come within the scope of the appended claims and their 
equivalents. 
What is claimed is: 
1. A display apparatus, comprising: 
a display unit comprising a plurality of pixels arranged in 

pixel areas to display images; 
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a source driver to Supply data Voltages to the data lines, the 
data Voltage corresponding to image data; and 

a gate driver to sequentially Supply gate signals to the gate 
lines, 

wherein the gate signals are maintained at a level of a gate 
on Voltage such that the data Voltages of the data lines are 
Supplied to corresponding pixels during a scan period, 
and alternately have a first Voltage level and a second 
Voltage level during a non-scan period, and 

wherein the gate driver receives a first gate off waveform, a 
second gate off waveform, and a third gate off wave 
form, in which the first gate off waveform is maintained 
at the first voltage level, and the second gate off wave 
form and the third gate off waveform alternate between 
the first voltage level and the second voltage level, the 
phase of the second gate off waveform and the phase of 
the third gate off waveform are reverse to each other. 

2. The display apparatus of claim 1, wherein the display 
unit is operated through a line reverse drive scheme. 

3. The display apparatus of claim 2, wherein a common 
Voltage waveform alternately has positive polarity and nega 
tive polarity in a unit of one line and is applied to the display 
unit, and the gate driver receives a first clock signal and a 
second clock signal Synchronized with the common Voltage 
waveform, and the gate signals have a same shape as the 
common Voltage waveform during the non-scan period. 

4. The display apparatus of claim3, wherein the gate driver 
comprises a plurality of stages that correspond to the gate 
lines in one to one correspondence to output the gate signal, 
and each stage alternately outputs the second gate off wave 
form and the third gate off waveform, as the gate signals, in 
synchronization with the first clock signal and the second 
clock signal during the non-scan period. 

5. The display apparatus of claim 4, wherein odd-num 
bered stages of the stages output the second gate off wave 
form to corresponding odd-numbered gate lines in response 
to the first clock signal and output the third gate off waveform 
to the odd-numbered gate lines in response to the second 
clock signal, and wherein even-numbered stages of the stages 
output the second gate off waveform to corresponding even 
numbered gate lines in response to the first clock signal and 
output the third gate off waveform to the even gate lines in 
response to the second clock signal, in which the first clock 
signal is a reverse phase signal of the second clock signal. 

6. The display apparatus of claim 4, wherein a blank period 
exists between two adjacent frames, and the blank period 
comprises a period where the first clock signal and the second 
clock signal are not generated. 

7. The display apparatus of claim 6, wherein the first volt 
age level is lower than the second Voltage level, and each stage 
selectively outputs one of the second gate off waveform and 
the third gate off waveform that has the first voltage level to 
the corresponding gate line during the period where the first 
clock signal and the second clock signal are not generated. 

8. The display apparatus of claim 1, wherein each of the 
second gate off waveform and the third gate off waveform has 
a period corresponding to two frames. 

9. The display apparatus of claim 1, further comprising: 
a gate off generator to generate the first gate off waveform, 

the second gate off waveform, and the third gate off 
waveform to supply the first gate off waveform, the 
second gate off waveform, and the third gate off wave 
form to the gate driver. 

10. The display apparatus of claim 9, wherein the gate off 
generator comprises: 
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10 
a first generator to generate a low off Voltage that has the 

first voltage level and a high off voltage that has the 
second Voltage level; 

a second generator to receive the low off Voltage and the 
high off Voltage to generate the second gate off wave 
form, which has the first voltage level in an N' frame (N 
being a natural number) and the second Voltage level in 
an (N+1)" frame in synchronization with a control sig 
nal, and the third gate off waveform having a phase 
reverse to a phase of the second gate off waveform. 

11. The display apparatus of claim 10, wherein the control 
signal comprises a vertical start signal used to operate the gate 
driver, and levels of the second gate off waveform and the 
third gate off waveform are changed when the vertical start 
signal is converted from a high state to a low state. 

12. The display apparatus of claim 1, wherein the gate 
driver is arranged on a Substrate, on which the display unit is 
defined, through a thin film process. 

13. A method of driving a display apparatus, the method 
comprising: 

Supplying data Voltages to a plurality of data lines; 
generating a first gate off waveform, a second gate off 

waveform, and a third gate off waveform: 
sequentially Supplying gate signals to a plurality of gate 

lines; and 
displaying images that correspond to the data Voltages in 

response to the gate signals, wherein the gate signals are 
maintained at a level of a gate on Voltage Such that the 
data Voltages of the data lines are Supplied to corre 
sponding pixels during a scan period, and alternately 
have a first Voltage level and a second Voltage level 
during a non-scan period, and 

wherein the first gate off waveform is maintained at the first 
Voltage level, and the second gate off waveform and the 
third gate off waveform alternate between the first volt 
age level and the second Voltage level, the phase of the 
second gate off waveform and the third gate off wave 
form are reverse to each other. 

14. The method of claim 13, wherein a polarity of the data 
Voltages is reversed in a unit of one gate line with respect to a 
common Voltage waveform, and a polarity of the common 
Voltage waveform is reversed in a unit of one line, and the gate 
signals have a same shape as the common Voltage waveform 
during the non-scan period. 

15. The method of claim 14, further comprising: 
generating a first clock signal and second clock signal that 

are synchronized with the common Voltage waveform. 
16. The method of claim 15, wherein each of the second 

gate off waveform and the third gate off waveform has a 
period corresponding to two frames. 

17. The method of claim 15, wherein the generating of the 
first gate off waveform, the second gate off waveform, and the 
third gate off waveform comprises: 

generating a low off Voltage that has the first Voltage level 
and a high off Voltage that has the second Voltage level; 

receiving the low off voltage and the high off voltage to 
generate the second gate off waveform, which has the 
first voltage level in an N' frame (N being a natural 
number) and the second voltage level in an (N+1)" 
frame in synchronization with a control signal, and the 
third gate off waveform having a phase reverse to a phase 
of the second gate off waveform. 

18. The method of claim 17, wherein the control signal 
comprises a vertical start signal used to operate the gate 
driver, and levels of the second gate off waveform and the 
third gate off waveform are changed when the vertical start 
signal is converted from a high state to a low state. 
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19. The method of claim 15, wherein the second gate off even-numbered gate lines in response to the second 
waveform and the third gate off waveform are alternately clock signal, in which the first clock signal is a reverse 
output in Synchronization with the first clock signal and the phase signal of the second clock signal. 
second clock signal during the non-scan period. 21. The method of claim 19, wherein a blank period exists 

20. The method of claim 19, wherein the Supplying of the 5 between two adjacent frames, and the blank period comprises 
gate signal comprises: a period where the first clock signal and the second clock 

outputting the second gate off waveform to corresponding signals are not generated. 
odd-numbered gate lines in response to the first clock 22. The method of claim 21, wherein the first voltage level 
signal and outputting the third gate off waveform to the is lower than the second Voltage level, and the gate signal has 
odd-numberedgate lines in response to the second clock 10 the first voltage level during the period where the first clock 
signal; and signal and the second clock signal are not generated. 

outputting the second gate off waveform to corresponding 
even-numbered gate lines in response to the first clock 
signal and outputting the third gate off waveform to the k . . . . 


